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ABSTRACT
Concentrations of twenty free amino acids and ammonia have 
been determined in extracts of adductor muscle of Crassostrea 
virginica taken from a wide range of environmental salinities 
(3.4 to 26.7 o/oo). The mean total free amino acid concentrations 
range from 1.6 to 6.7 pM/mg total Kjeldahl nitrogen. Concentra­
tions of free taurine, proline, glycine, alanine, isoleucine and 
leucine increase with increasing salinity over at least part of 
the salinity range. The concentration of free histidine decreases 
with increasing salinity over most of the salinity range. Free 
glutamic acid remains relatively unchanged, decreasing only at 
3.4 o/oo salinity. A direct relationship between concentrations 
free alanine, glutamic acid and histidine is suggested. Free 
methionine concentration changes do not appear related to salinity 
Free valine is maintained at a low concentration below 15 o/oo 
salinity and higher above this salinity. Free cysteic acid, 
aspartic acid, threonine, serine, cystine, tyrosine, phenylalanine 
tryptophan, lysine, arginine and ammonia concentrations do not 
vary significantly with salinity.
THE EFFECTS OF ENVIRONMENTAL SALINITY 
ON FREE AMINO ACIDS 
OF
CRASSOSTREA VIRGINICA
INTRODUCTION
Biochemical studies of aquatic animals, particularly marine 
invertebrates, have frequently neglected the environmental his­
tories of the animals being investigated. This is in spite of 
the fact that many commonly used experimental animals are estuarine 
forms subject to wide variability in natural habitats. Only 
recently has an awareness of the importance of these habitat 
differences been expressed (Jeffries, 1964). One method by which 
environmental effects may be studied is that of obtaining compara­
tive biochemical data on animals taken from different habitats.
In the present study the levels of free amino acids (those not 
bound to protein or other organic compounds) and ammonia have 
been determined in the adductor muscles of the eastern oyster., 
Crassostrea virginica (Gmelin) taken from waters of different 
salinity.
The subject of free amino acids in invertebrate tissues has 
recently been reviewed by Awapara (1962). He points out that, in 
general, much higher concentrations of free amino acids exist in 
invertebrate than in vertebrate tissue, and that there is much 
variation in free amino acids between species (cf. Kittredge et. 
al., 1962). With the exception of studies specifically involving 
osmoregulation, only a few investigations of environmental influence
2
on free amino acid concentrations have been made.
Schafer (1961,1963) reported that pollution (defined as 
depletion of available oxygen and increase in available nutrients 
from sewage) influences free amino acid concentration in muscle 
tissue of Haliotis cracherodii, Mytilus edulis and Pachygrapsus 
crassipes. The suggestion that salinity may have an effect on
i
the concentration of free amino acids in invertebrates was first 
made by workers who noted much higher concentrations in marine 
species than in closely related fresh water species (Camien et.al. 
1951;/DuchSteau et al., 1952; Simpson, Allen and Awapara, 1959). 
Marine and freshwater fish, however, do not show this relationship 
(Velanker and Govindan, 1957 and 1958). Allen (1961) showed that 
free alanine, glycine, glutamic acid and aspartic acid concen­
trations in whole Rangia- cuneata, a brackish water clam, increased 
with increasing ambient salinity.
Studies of osmoregulation also have shown a relationship 
between salinity,and free amino acid concentration in many inverte 
brates. In muscle tissue of several Crustacea, for example, 
glycine, alanine, proline, glutamic acid and occasionally taurine 
and arginine concentrations are most affected by changes in the 
osmotic environment (Jeuniaux, Bricteux-Gregoire and Florkin,
1961; Bricteux-Gregoire et al., 1962; Duchateau-Bosson and Florkin 
1961). Glycine, alanine, glutamic acid and sometimes proline are 
also the free amino acids most affected by osmotic change in cutan 
eous muscle of several species of polychaetes (Duchateau-Bosson, 
Jeuniaux and Florkin, 1961; Jeuniaux, Duchateau-Bosson and Florkin 
1961). The only free amino acids in the tissue of the gastric
4caecum of Asterias rubens which are affected to any large extent 
by osmotic changes are glycine and taurine (Jeuniaux, Bricteux- 
Gregoire and Florkin, 1961a and 1961b). Lange (1964) reported 
that although total ninhydrin positive substance vary directly 
with salinity in the intestinal tissue of Strongylocentrotus 
droebachiensis, taurine concentration remains consistently low.
Among the molluscs, free amino acid changes corollary to 
osmotic change have been studied adductor muscle in Mytilus 
edulis, Ostrea edulis and Gryphaea ^angulata (Bricteaux-Gregoire 
et al., 1964a, 1964b, 1964c). Taurine, alanine and glycine, and 
to some extent proline, arginine and aspartic acid, are the free 
amino acids exhibiting the most change. Lange (1963) reported 
that, in M. edulis, free taurine increases with increasing 
salinity at a greater rate than total free ninhydrin positive 
substance.
In all of the studies reported above animals were subjected 
to changes in salinity in the laboratory in order to determine 
the effect on free amino acid levels. Although the conditions of 
such laboratory experiments can be well controlled, there is an 
element of uncertainty in the extrapolation of the data obtained 
to animals in natural habitats. In the present study, therefore, 
analyses were made on animals which were kept in water of the same 
salinity as that fouild in their natural habitat. In addition, an 
effort was made to reduce laboratory storage time to a minimum, 
thereby reducing the extent of physiological change which might 
occur after removal from the natural environment.
MATERIALS AND METHODS
Animals. Oysters were collected from waters of various
salinities in the James and York Rivers and at Virginia Beach,
Virginia, during the fall, winter and spring of 1964-65.
They were brought into the laboratory and either maintained out
of water in a cold room (4°C) or in water collected at the locale
from which they came at ambient York River water temperature
(4-10°C). Those animals kept in the cold room were dissected the
day following collection. Those maintained in seawater were
dissected within a 2-3 day period following collection.
Salinity. The salinity of the water from the site and at the
time of animal collection was determined by either Mohr titration
*
(Barnes, 1959) or by means of an RS7A conductivity Meter (Indus-
I
trial Instruments).
Tissue Preparation. Oysters were pried open with an oyster 
knife and the adductor muscle severed close to the right valve 
with a scalpel. A portion of the grey part of the adductor muscle 
was removed, blotted with a tissue, placed in a tared 50 ml cen­
trifuge tube and weighed. The remainder of the oyster was either 
discarded or saved for histological examination to detect presence 
or absence of MSX disease (Andrews, 1964).
A measured volume of distilled water was added to the tissue, 
the tissue was macerated with a glass probe and then dispersed by
51-
6high frequency sound waves for approximately ten minutes or until 
most of the tissue appeared dispersed. The container of tissue 
was immersed in an ice bath during sonification. A sonifier 
equipped with a micro-tip (Branson Instruments) produced the sound 
waves. One aliquot was used for determination of total Kjeldahl 
nitrogen (TKN), another for determination of free amino acids.
Nitrogen Determination. . A small (0.5-1.0 ml) sample of each 
tissue homogenate was digested in a Kjeldahl flask 60 minutes with 
1 ml concentrated sulfuric acid. The flask was cooled, 2-3 drops 
30% hydrogen peroxide were added, and it was then reheated for a 
few minutes to decolor the hydrolysate. The decolored hydrolysate 
was diluted to 20 ml with distiled water after a final cooling.
One ml dilute hydrolysate, 4 ml distilled water and 2 ml commercial 
NesslerTs reagent (Koch and McMeeken, Fisher Scientific Company) 
were mixed. Immediately after mixing, absorbence was determined 
with a Fisher Electrophotometer employing a 425 nyu (type B) 
filter. Standard curves were prepared with glycine in distilled
I
water carried through the same procedure. (This method is a mod­
ification of the Koch and McMeeken technique described by Hawk,
Oser and Summerson, 1954, communicated by Drs. R. Hathaway and 
L. Wood.)
Free Amino Acid Determination. The aliquots of tissue homogenate
reserved for amino acid analysis were diluted 1:1 with 10% sul-
fosalicylic acid (Scharff and Wool, 1964) and centrifuged to
precipitate protein. A portion of the supernatant fluid was
analyzed qualitatively and quantitatively for amino acids utilizing
TMpreliminary Methodology 1A for the Technicon Autoanalyzer
7automatic amino acid analyzer (Technicon Chromatography Co.).
The particular model used employed a 6 x 140 mm column 
filled1 with Technicon Type B Chromobeads. The eluent was a 
sodium citrate buffer (pH gradient 2.875-5.00) with a flow rate 
of 0.50 ml/min. Column temperature Was 60°C. Samples were 
introduced by injection in 12.5 % sucrose. The color developed 
with ninhydrin was determined at 440 and 570 mji through 15 Cift 
light path continuous flow cuvettes.
Amino acids were identified by comparison of unknown peak 
positions with those of known amino acids chromatographed in 
the same system. In those few instances in which comparison 
Rf valves'provided ambiguous identification, the technique of 
Zacharius and Talley (1962), in which 440 and 570 mji peak area 
ratios are compared, was used for further clarification of 
identity.
RESULTS
Twenty free amino acids and ammonia were identified in the 
deproteinized extracts of C. virginica adductor muscle. The 
results of individual chromatograms are presented in the appendix, 
and mean concentrations of free amino acids at the various salin­
ities are presented in Table 1. Analysis of variance, one way 
classification (Snedecor, 1956), indicated significant differ­
ences between mean concentrations of total free amino acid, 
taurine, glutamic acid, proline, glycine, alanine, valine, 
methionine, isoleucine, leucine and histidine over the salinity 
range.
The total free amino acid concentration of the muscle 
tissue increases proportionally with increasing salinity .'(Figure 
1). The changes in concentration of taurine, glycine, alanine 
and proline (Figure 2) account for most of the increase. Changes 
in the concentration of the individual free amino acids are not, 
however, proportional to the salinity change throughout the 
salinity range* Taurine, glycine, proline, isoleucine and 
leucine appear to be maintained at a minimum concentration below 
certain salinities (10-15 o/oo). Above this salinity, the increase 
in concentration is nearly proportional'to salinity increase. 
Alanine concentration increases in proportion to increasing
8
9salinity in the lower part of the salinity range (below 12.5 o/oo), 
above this salinity, alanine concentration seems relatively con­
stant. Glutamic acid concentration, is consistent (.35-.45 pM/mg 
TKN) over most of the salinity range, decreasing sharply onlyfat 
the lowest salinity, 3.4 o/oo (Figure 2). Histidine concentration 
increases between 3.4 and 9.0 o/oo salinity but then decreases 
with increasing salinity (Figure 3).
Valine concentration appears to be maintained at a low level 
(.000-.005 pM/mg TKN) below about 15 o/oo salinity and at a higher 
level (.010-.020 juM/mg TKN) above this salinity (Figure 3). Con­
centration of methionine is maintained at barely above trace amounts 
at all salinities except 16.5 o/oo (Figure 3).
Concentrations of free cysteic acid, aspartic acid, threo­
nine, serine, cystine, tyrosine, phenylalanine, tryptophan, 
lysine, arginine and ammonia do not vary significantly with sal­
inity (Table 1).
Oysters from 3.4 o/oo, 19.7 o/oo and 26.7 o/oo salinity were 
examined for the presence of MSX. All appeared to be free of' 
infection.
Virginia Institute of Marine Science hydrographic data 
(unpublished) indicate that the salinity variation to which the 
oysters may be exposed during a tidal cycle is about 3 to 4 o/oo. 
Seasonal variations are usually greater than this, but appear 
nearly constant from year to year.
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Figure 1. Mean concentration of total free amino acids in adductor 
muscle of Crassostrea virginica from various salinities.
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valine and histidine- in adductor muscle of Crassostrea 
virginica from various salinities.
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DISCUSSION
Bricteaux-Gregoire et al. (1964a, 1964b, 1964c) have shown 
that concentrations of several free amino acids in molluscan 
adductor muscle decrease when the ...animals are transferred from 
high (36 o/oo) to lower 18 o/oo) salinity water. My results 
show that Ch virginica maintains a concentration of total free 
amino acids in adductor muscle that is proportional to environ­
mental salinity. Since concentrations of individual free amino 
acids are not proportional to salinity over the salinity range 
studied, C. virginica must possess a regulatory mechanism that 
controls both the quality and quantity of the free amino acid 
pool in the muscle. The concentrations of free amino acids in 
C,. virginica adductor muscle compare closely to free amino acid 
concentrations of adductor muscle in both 0. edulis and Gj. 
angulata as reported by Bricteaux-Gregoire et al., 1964b and 1964c 
(Table 2).
The free amino acid content of blood was not determined. 
Others, however, (Camien et al., 1951; Rangnekar, 1955; Stevens, 
Howard and Schlesinger, .1961; Lange, 1963 and 1964) indicate 
that marine invertebrate body fluids, compared with muscle tissue, 
contain very little free amino acid. Hence free amino acids 
and the mechanisms regulating their concentration in C. virginica 
are probably intracellular.
15
TABLE 2
COMPARISON OF FREE AMiNO ACIDS IN CRASSOSTREA VIRGINICA. OSTREA EDULIS
GRYPHAEA ANGULATA ADDUCTOR: MUSCLE; (Expressed as mg/lOOg wet 
weight ±  standard deviation)
0. edulis* G. angulata** C. virginica
Salinity 0/00 18.1 18.1 19.7
Taurine 581 679 U08.8 + 97.6
Aspartic acid 33-5 200 12.3 ± 1 h .6
Threonine 2.5 15.1 5-2 ± 0.7
Serine 5.6 13.6 6.6 ±  1.1
Glutamic acid 87.-3 110 109.2 ±  32.h
Proline h o .2 30 51.1 ± 18.1
Glycine 187 126 138.3 ± 62.7
Alanine 226 116 21I+.1 ±  12.6
Valine tr tr 2.9 + 0.7
Cystine 3.0 ± 1.0
Methionine .3 ±  0.1
Isoleucine tr tr 1.8 ± 0.5
Leucine t r , tr 2.7 ± 0.9
Tyrosine tr tr 15.b ± 2.0
Phenylalanine tr tr 2.1 + 0.5
Ammonia 2.6 + 0.5
Tryptophan .
• £ h . Q
18.3 + 0.3
Lysine 17 . h .6 ±. l.o
Histidine 28.6 ±  10.1
Arginine 25.9 63 U5.8 + 9.9
* from Bricteaux-Gregoire et al*, 1^6bb.
** from Bricteaux-Gregoire et al., 196kc.
16
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If it is assumed that the free amino acids in question are 
intracellular, it is of importance to consider their possible 
sources. These are: (1) external, by. uptake from body fluid
into muscle cells; and (2) internal, from the metabolism of the 
cells themselves. With regard to the first possible source, 
Gilles and Schoffeneils (1964b) postulate that the controlling 
factor in maintaining intracellular free amino acid concentra­
tion in lobster nerve cord is intracellular cation concentration. 
Supporting evidence for cation control‘theory may be found in 
studies of amino acid transport in mammalian tissue. Yunis, 
Arimura and Kipnis (1963) indicate that sodium ion is required 
for active transport of certain amino acids. Glycine and proline 
transport are particularly dependent on sodium i o n ; ; glutamic 
acid is not dependent upon but is stimulated by the presence of 
sodium ion; and alanine transport increases 6 to 8 times with 
the addition of sodium ion.
Figures 2 and 3 demonstrate some interesting relationships 
among free amino acid concentrations. Alanine, the amino acid 
most affected by sodium ion concentration in vertebrate tissue, 
demonstrates the greatest change of any of the amino acids 
except taurine. Glycine and proline also show a large change in 
concentration. Glutamic acid concentration, which in mammalian 
tissue is not dependent upon sodium ion concentration, is m a i n ­
tained at a fairly steady level, decreasing sharply only when 
the animal is held at a salinity below 5 o/oo, which Andrews, 
Haven and Quayle (1959) suggest is the minimum level for long­
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term survival. The abrupt decrease in glutamic acid concentra­
tion may be a reflection of glutamic acid metabolism to alanine 
via either the citric acid cycle or transamination via serine, 
hydroxypyruvate, 3-P-glyceraldehyde, phosphoenolpyruvate and 
pyruvate, a system described from lobster nerve tissue by Gilles 
and Schoffeneils (1964a, 1964b).
Several free amino acids that vary significantly with 
salinity appear to be maintained at a minimum concentration over 
a range of lower salinity. Cowie (1962) suggested that free 
amino acids could exist in both internal and expandable pools.
It is possible that this irreducible concentration of free amino 
acids exists I n  the internal pool of Cowie, and serves as a 
bulwark against the loss of indispensible amino acids. A similar 
idea was expressed by Lange (1963), who .suggested that taurine 
has a sparing effect on other, perhaps, more essential, amino 
acids. Regulation of relatively large quantities of taurine 
would prevent other amino acids from being depleted to their 
minimum levels at a higher salinity. In Rangia cuneata, an animal 
that does not accumulate taurine intracellularly (Allen and Awa- 
para, 1960), alanine is the amino acid that changes most with 
changing salinity ' (Allen, 1961). In C. virgin!ca alanine accounts 
for about one-third of the total free amino acid when taurine 
drops to its minimum level (Figures 1 and 2).
The second possible source of intracellular amino acids is 
cell metabolism. Allen (1961) suggested that carbohydrate 
metabolism produces energy for maintainance of osmotic equili­
b r i u m  and also provides short chain keto acids which can form
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amino acids via transamination. Transaminases have been reported 
in a variety of molluscs by several investigators. Read (1962) 
described transaminase systems in Mytilus edulis and Modiolus 
modiolus. Awapara and Cambell (1964) found transaminases linked 
with the citric acid cycle in three molluscs, including C. virginica. 
Schoffeneils and Gilles (1963) report that 1-glutamic acid 
dehydrogenase from crustacean muscle requires sodium and potassium 
ions for maximum activity. This finding suggests that cation 
effect on intracellular free amino acids may in part be effected 
through metabolic enzymes.
Free histidine concentration in C. virginica adductor muscle 
generally decreases with increasing salinity (Figure 3). -Unfor­
tunately the technique used by Bricteaux-Gregoire et al. (1964b, 
1964c) did not ascertain histidine changes, so I am unable to 
verify t h i s .phenomenum in other species of oysters. Histidine 
catabolism in both mammalian tissues and micro-organisms, results 
in the formation of glutamic acid, although slightly different 
pathways are involved (West and Todd, 1961). It is possilbe that 
decrease in histidine serves to maintain a constant level of 
glutamic acid, an amino acid that is much more versatile meta- 
bolically. When glutamic acid concentration decreases sharply 
(below 5 o/oo salinity); possibly as a result of alanine information 
histidine concentration also drops sharply (Figure 3).
Free valine concentration changes appear to be related to 
salinity in that a higher concentration is maintained at salin­
ities above 15 o/oo than in lower salinities (Table 1, Figure 3).
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The functions of free amino acid pools In animals are not 
completely clear. One supposition might be that free amino 
acids are used in protein synthesis. Cowie (1962) suggests 
that in microorganisms (Escherichiacoli) the expandable portion 
of the pool may not take part in protein synthesis, but that the 
internal pool may. The expandable portion of the pool in E. doli, 
but not the internal pool, is sensitive to osmotic shock.
Lewis (1952), in a classic study of ionic and osmotic 
regulation in crustacean nerve, established that dicarboxylic 
amino' acids function as internal anions to balance high internal 
potassium ion concentration, and neutral amino acids function as 
solutes to maintain high internal osmotic pressure. Bricteaux- 
Gregoire et al. (1964a, 1964b, 1964c) demonstrated that free 
amino acids serve an osmotic funtion in adductor muscle tissue 
of two oyster and one mussel species.
While salinity has been considered as the major variable 
related to different levels of free amino acids, other environ­
mental factors must also be considered. Some of these might be: 
(1) temperature; (2) pollution; (3) localized parasite epi­
demics; (4) organic matter in the water, both dissolved and 
particulate, (food supply) and (5) different relative concen­
trations of ions, for example, higher potassium/sodium ion 
ratios in lower salinities. Effects of the first variable 
were diminished by making collections at 4 to 10 C during 
winter. Collections were made from areas not thought to be 
polluted. Some, but unfortunately not all, animals were examined 
for indications of common parasites. The problems of different
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ion ratios and differences in organic content (food supply) 
have not been investigated, since a study embracing these 
variables would be a major undertaking in itself.
The variation in methionine (Figure 3) levels are evidently 
related to some factor other than salinity. It is known that in 
mammals some parasites interefere with normal methionine meta­
bolism (Rothman and Fisher, 1964). Unfortunately, this particular 
group of oysters is one that was not examined for parasite 
infection.
In conclusion, the total free amino acid concentration in
adductor muscle varies with salinity. Much of the' 
variation may be osmotically induced. -Individual free amino 
acids are to some extent regulated. Regulation of a few osmo­
tically active free amino acids, glycine, proline, taurine, 
leucine and isoleucine, involves the maintenance of minimum 
levels of concentration. Alanine may be regulated to some extent 
(particularly at low salinities) through metabolic pathways 
involving glutamic acid and possibly histidine. Some factor 
other than salinity affects the concentration of at least one 
free amino acid, methionine.
The problem of environmental effects on physiological pro­
cesses is one that should concern both physiologists and ecologists. 
Attempts to characterize physiological.baselines in an organism 
should include observations through as much of the environmental 
range of the animal as possible. I have shown that at least one 
environmental factor, salinity, affects physiological processes
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involving amino acids in C. virginica. Laboratory investigations 
under carefully controlled conditions should be carried out to 
characterize more fully possible relation®between other environ­
mental and physiological factors.
SUMMARY
1. Total free amino acid concentrations in C. virginica adductor 
muscle increase with increasing salinity. Free taurine, proline, 
glycine, alanine, isoleucine and leucine concentrations increase 
with increasing salinity over at least part of the salinity 
range. This change is probably a response to different osmotic 
conditions.
2. Free glutamic acid concentrations remain at a nearly constant 
level, decreasing only at a very low salinity. Free histidine 
concentrations decrease with increasing salinity over most of 
the salinity range. I believe that concentration levels of free 
histidine, glutamic acid and alanine are directly related through 
cellular metabolic pathways.
3. Concentration changes of free methionine seem not.related to 
salinity.
4. Free valine concentration is maintained at two levels, a low* 
level below, and a higher level above, about 15 o/oo salinity.
5. Free cysteic acid, aspartic acid, threonine, serine, cystine, 
tyrosine, phenylalanine, tryptophan, lysine, arginine and ammonia 
concentrations do not vary significantly with salinity.
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APPENDICES
The following appendices list the concentrations of free 
amino acids from individual C. .vlrcrinica. The results are 
grouped by salinity. For statistical calculations, trace 
amounts were assigned an arbitrary value of 0.002 p.M/mg TKN.
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APPENDIX I
FREE AMINO ACID CONCENTRATIONS IN ADDUCTOR MUSCLE OF
CRASSOSTREA VIRGINICA FROM 3.*f o/oo SALINITY. (pM/mg TKN)
Chromatogram No. 38 U6andU2** h5 52
Cysteic acid* 0.008 0.006
Taurine 0.118 0.181 0.336 0 .1U7
Aspartic acid 0.072 0 .023 0.030 0 .0 2 5
Threonine 0 .0 0 5 0.010 0.011 0.011
Serine 0.017 0 .0 1 9 0.022 0 .035
Glutamic acid 0.2 0b O.I89 0.206 0 .173
Proline 0.012 0.022 0.020 0.02U
Glycine 0.0lf7 0.032 0:oif2 0 .0 7 1
Alanine 0. 53^ 0.522 0 .61+2 0.528
Valine 0 .0 0 5 0.006 0.006 tr
Cystine tr tr tr V tr
Methionine tr tr tr tr
Isoleucine 0.001 O.OOif 0 .005 tr
Leucine 0 .003 0.006 0.006 0.006
Tyrosine 0 .003 0.005 0 .0 0 5 0.010
Phenylalanine 0 .003 0.008 0.007 o.ooif
Ammonia 0.082 0.0if9 0.082 0.079
Tryptophan 0 .0 3 8 0.027 0 .05^ 0.050
Lysine 0.006 0 .011 0.008 0.009
Histidine 0 .1 7 U 0.1 h6 O.169 0.229
Arginine 0 .0 7 9 0.165 0 .123 0.269
*Norleucine equivalents
**Values are mean of two chromatograms of same material
N.B, These oysters were free of MSX.
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APPENDIX II
FREE AMINO ACID CONCENTRATIONS IN ADDUCTOR MUSCLE OF 
CRASSOSTREA VIRGINICA FROM 9.0 0/00 SALINITY. (nM/mg TKN)
Chromatogram No. 21
Cysteic acid* 0.021
Taurine 0.123
Aspartic acid 0.06l
Threonine tr
Serine 0.031
Glutamic acid 0.H11
Proline tr
Glycine 0.01+9
Alanine 0.9^2
Valine --
Cystine —
Methionine —
Isoleucine tr
Leucine tr
Tyrosine tr
Phenylalanine tr
Ammonia 0.125
Tryptophan 0.102
Lysine 0.016
Histidine 0.285
Arginine 0.163
* Norleucine equivalents
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APPENDIX III
FREE AMINO ACID CONCENTRATIONS IN ADDUCTOR MUSCLE OF
CRASSOSTREA VIRGINICA FROM 12-5 o/oo SALINITY . (pM/mg TKN)
Chromatogram No. 20 25
Cysteic acid* 0.032 0.003
Taurine 0.265 0.097
Aspartic acid 0.031 0.029
Threonine 0.059 0.009
Serine 0.086 0.028
Glutamic acid 0.440 0.37^
Proline tr 0.102
Glycine 0.287 0.182
Alanine 1.496 1.032
Valine — —
Cystine — 0.011
Methionine - - tr
Isoleucine tr 0.004
Leucine tr 0.009
Tyrosine t r . 0.008
Phenylalanine tr tr
Ammonia 0.143 0.076
Tryptophan 0.156 0.072
Lysine 0.050 0.011
Histidine 0.326 0,184
Arginine 0.238 0.240
* Norleucine equivalents
34
APPENDIX IV
FREE AMINO ACID CONCENTRATIONS IN ADDUCTOR MUSCLE OF
CRASSOSTREA VIRGINICA FROM l6. 5 o/oo SALINITY. (pM/mg TKN)
Chromatogram No. 22 30 27 23
Cysteic acid* 0 .0 1 9 0 .00*4 tr
Taurine 1 .3 2 8 1 .1 9 2 0.3*49 1 .1*4*4
Aspartic acid 0 .0 5 1 0 .1*4-2 0.019 0 .075
Threonine o. 0*4*4 0 .053 0 .0 1 2 0 .03*4
Serine 0 .095 O.067 0.013 0 .0 3 6
Glutamic acid 0.526 0 .3 8 5 0.268 0 .633
Proline O'. 0U7 0 .0 *4-7 0 .00*4 0 .1 0 2
Glycine l .*422 0 .823 0 .095 0.600
Alanine 1.913 1 . *+8l 0.676 1.717
Valine 0.025 0 .0 1 9 0 .010 tr
Cystine __ 0 .007 __
Methionine 0.026 0 .01*4 0.006 0 .0*40
Isoleucime 0 .0 1 0 0 .01*4 0.006 tr
Leucine 0.015 0 .0 1 2 0.007 0 .007
Tyrosine 0.051 0 .0*47 0.013 0.010
Phenylalanine 0.008 0 .0 0 9 0 .00*4 0.026
Ammonia 0.173 0 .0 8 5 0.05*4 0.125
Tryptophan 0 .21*4 0 .120 0 .0*40 0.060
Lysine 0.026 0.027 0.007 0.016
Histidine 0 .2 1 0 0 .137 0 .121 0.317
Arginine 0 .3 1 8 0 .270 0.160 0.233
*Norleucine equivalents
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APPENDIX V
FREE AMINO ACID CONCENTRATIONS IN ADDUCTOR MUSCLE OF
CRASSOSTREA VIRGINICA FROM 19-7 o/oo SALINITY. (pM/mg TKN)
Chromatogram No. 58 53 55 59
Cysteic acid* tr tr tr
Taurine 1.719 I .698 1.861+ 1.719
Aspartic acid O.19I+ 0.023 0.020 0.005
Threonine 0.031 0.018 0.019 0.025
Serine O.03I+ 0.028 0.033 0.033
Glutamic acid 0.335 0.320 0.383 0.1+77
Proline O.U51 0.111+ 0.181+ 0.21+3
Glycine 1.9^9 0.1+70 0 . 9 ^ 0.559
Alanine 1.736 0.956 l.ll+O 1.180
Valine 0.011+ 0.010 0.011 0.015
Cystine 0.006 0.007 0.006 0.007
Methionine tr 0.001 tr 0.001
Isoleucine 0.007 0.007 0.005 0.008
Leucine 0.009 0.012 0.009 0.013
Tyrosine 0.073 0.03^ o.oi+i- 0.036
Phenylalanine 0.007 0.007 0.007 0.006
Ammonia 0.100 0.06l O.Ool 0.091+
Tryptophan 0.01+8 0.011 0.01+2 0.050
Lysine 0.018 0.012 0.016 0.019
Histidine 0.109 0.066 0.071+ 0.131+
Arginine 0.1U1 0.135 0.115 o.ll+5
* Norleucine equivalents
N.B. These oysters were free-of MSX.
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APPENDIX VI
FREE AMINO ACID CONCENTRATIONS IN ADDUCTOR MUSCLE OF
VIRGINICA FROM 26.7 o/oo SALINITY. (pM/mg TKN)
Chromatogram No. 33 kk 35 61
Cysteic acid* tr tr 0.028 mm mm
Taurine 3.111 2.268 2.1+81 1.932
Aspartic acid 0.038 0.108 0.086 0.029
Threonine 0.032 0.023 0 . 0 2 b 0.020
Serine 0.038 0.022 0.032 0.028
Glutamic ac.id 0.331 0.3^9 0.395 0.303
Proline 0 . 1 1 b O .898 0.710 O .608
Glycine 1.560 0.9^7 '0.YU8 0.993
Alanine 1 . 6 o b 1.55^ 1. 650 1.33U
Valine 0-. 022 0.025 O.OlU 0.011
Cystine - - tr — 0.020
Methionine 0.008 tr tr 0.003
Isoleucine 0.017 0.010 0.010 0.007
Leucine 0.025 0.013 0.018 0.010
Tyrosine 0.052 0.010 0.008 0.087
Phenylalanine 0.01U 0.066 o . o b b 0.007
Ammonia 0.103 0.061 0.091 0..1U6
Tryptophan 0.01+8 0.057 0.065 0.051
Lysine 0.060 0.022 0.013 0.018
Histidine 0.088 0.113 0.093 0.063
Arginine 0.251 0.180 0.211 0.151
* Norleucine equivalents
N..B. These oysters were free of MSX.
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